Abstract In the present work, the fungal population present in the environment and on surfaces of equipment and facilities was determined and quantified in two stone fruit packinghouses during 2012 and 2013. The fungi present in the environment were sampled according to the gravimetric method. The fungi present on the surfaces of floors, walls, containers and lines were sampled with Rodac plates. Dirty zones (reception of fruits and first selection) were more contaminated than clean zones (washing of fruits, lines and containers), even though in the shipping room the presence of different fungi was high. The most prevalent genera recovered in both packinghouses and in all zones were Penicillium spp. followed by Cladosporium spp. The presence of Rhizopus spp. was also highly detected in all zones, which could result in new postharvest infections. Moreover, Monilinia spp., the most important postharvest disease on stone fruit, was rarely detected, indicating the low risk of fruit infection in packinghouses.
The main worldwide postharvest diseases caused by fungi both in peach and nectarine fruits are brown rot caused by Monilinia fructicola or M. laxa, Rhizopus, rot caused by Rhizopus stolonifer, and grey mould caused by Botrytis cinerea (Crisosto and Kader 2014) . Brown rot is by far the most important disease on stone fruit in Europe, with direct losses from fruit rot at preharvest and postharvest. Other fungi diseases such as those caused by Penicillium spp., Cladosporium spp., Alternaria spp. and Aspergillus spp. on stone fruit are casual and losses associated with them are minor .
Fruit infection probability is directly related to the amount of conidia on the fruit surface with respect to appropriated pathogen, and environmental conditions such as temperature and RH. This dependence has been demonstrated for Penicillium spp. (Bancroft et al. 1984) and Monilinia spp. (Villarino et al. 2012) , as well as for other pathogens. The conidia from the fields and conidia produced in chambers due to developing of latent infection or recent infections can lead to secondary infections that spread in packinghouses. Therefore, the measures that are adopted to reduce the level of inoculum present on the fruit surface and on different zones in packinghouses can contribute to reducing the disease.
To design effective methods of cleaning and disinfection, and reduction of new infections at postharvest, it is necessary to identify and evaluate the critical points of packinghouses where there are greater risks of infections.determinate and quantify the fungal population present in the environment, on surfaces of facilities and grading lines in stone fruit packinghouses during the harvest season.
Fungal populations were sampled in two packinghouses located in the Lleida area (Catalonia, Spain), for which the main activity is the sorting of stone fruit for the international market. During two seasons, sampling was carried out at 7-day intervals during 2012 and at 15-day intervals during 2013, from August to October in both periods. In packinghouse A, a total of five samples in 2012 and four samples in 2013 were taken, and in packinghouse B, a total of six samplings in 2012 and four samplings in 2013 were taken.
The environmental fungal populations were sampled at the following zones for packinghouse A: fruit reception from the field; the hydro-cooling room where fruit is quickly chilled by a hydro-cooling tunnel; the cold chamber with fruit bins; the dirty zone where all fruit are selected by hand in searching for rot and submerged into a water tank; the clean zone where fruits are handled; and shipping room within which fruits are stored until their transportation out of the facility. The temperatures in the hydro-cooling room, the cold chamber and the shipping room was controlled at 0-3°C, but the temperatures within the other zones were higher than 15°C, although temperature was not controlled and largely depends on the weather (ambient temperature). Walls and floor surface of the aforementioned zones were sampled, as well as the surfaces of the sorting lines and fruit containers. Dirty containers were considered as being used to keep discarded fruits, and clean containers were considered as being used to keep fruits stored in cold chambers.
For packinghouse B, fungal populations of environment were sampled at: the precooling room, where fruit is stored during 24 h; the cold chamber, where fruit is stored for longer periods; the waiting room, within which fruit is stored for a short period of time before being sorted; the dirty zone, where all fruit are selected by hand when searching for rot; the clean zone within which fruits are sorted; the shelf-life room, where one is able to determine how infected fruit came from orchard; and the shipping room, within which fruits are stored until their transportation out of the facility. The temperature in the precooling room, cold chamber, waiting room and shipping room was controlled at 0-3°C, but the other zone temperatures were higher than 15°C, although temperatures were not controlled and depend on weather conditions (ambient temperatures). Wall and floor surfaces were sampled from the previously described zones, as well as sorting lines (wet and dry lines, depending on whether it has water dump), and dirty and clean containers that were previously described for the A packinghouse.
The environmental fungal population was determined using the gravimetric method. Three Petri dishes of 9 cm diameter, containing potato dextrose agar (PDA) medium (Biokar Diagnostic, 39 gL −1 ), were equidistantly distributed throughout each zone and were left open for 3 min to allow fungal spores to fall down via gravity onto the Petri dishes. Surfaces were sampled with 5.5 cm diameter Replicate Organism Direct Agar Contact (Rodac) plates (containing PDA medium with contact between the culture medium and the surface, with slight pressure applied to keep spores adhering to the medium. Three Rodac plates were used for each selected zone: floor, walls, containers and sorting lines. All dishes were incubated at 20 ± 1°C for 5 days, followed by examination and counting of the fungal colonies. In order to identify the fungal colonies, relevant taxonomic keys (Samson et al. 1981) were used and observations were made both visually and microscopically.
For statistical analysis, a sampled unit was considered as the average of three plates that were used to sample one zone, all sampling days, and two years for each packinghouse. The fungal population of each sample unit was expressed by the number of colony-forming units per plate (cfu/plate).
Two statistical analyses were undertaken, depending on the experimental data for each recovered fungus. The first statistical analysis was Pearson's Chi-squared test through contingency tables for each fungus, and was used to compare the presence and absence of the fungal population at each packinghouse zone. This analysis was necessary for Rhizopus spp., because it was only possible to count the presence or absence of the fungus by considering the growth that was invading all of the Petri dishes, and for other fungi where their presence at packinghouses was very low. The Welch test was used to compare the average of colony-forming units (cfu) per plate (whenever this was possible), because the data did not follow a normal distribution and equal variance could not be assumed. When the Welch test was significant, the differences of the individual fungi that were recovered between each zones were compared via the Tukey test (P < 0.05), using the R statistical software package (R version 3. 2. 3, 2015) .
The results of the sampling showed an overall number of seven relevant genera of filamentous fungi that were recovered from the environment and the surfaces of the packinghouses. The main genera identified were, Penicillium spp., Cladosporium spp., Fusarium spp., Aspergillus spp., Rhizopus spp. (this includes Mucor spp.) and Alternaria spp. Minor species included Monilinia spp. and those classified as others comprised of Geotrichum spp., Botrytis spp., and other fungi which could not be classified. Although samples of Monilinia spp. conidia were rarely recovered, the results are shown in the Figures because of the importance of the pathogen on stone fruits.
Among the colonies that were recovered from the Petri dishes in the environment of packinghouse A, there were: 50.7% Penicillium, 16.9% Cladosporium, 8.9% Alternaria, 4.5% Fusarium, 2.3% Aspergillus, and 0.1% Monilinia. The remaining 16.6% genera belonged to Geotrichum, Botrytis, and other fungi genera. Rhizopus was also identified in all zones sampled, but was recorded as presence or absence, hence it was not included in the percentages. The most contaminated zones were the fruit reception, the dirty zone, and the clean zone (Table 1) . Cladosporium was the fungus sampled in greatest numbers at the fruit reception zone, followed by Alternaria and Penicillium. Penicillium was the main genera identified at the dirty zone, followed by Cladosporium. The main genera recovered from the environment of the clean zone and chamber was Penicillium. The presence of Rhizopus was homogeneous throughout the packinghouse, although the lowest presence was at the fruit reception. Only in the 2013 season, was one Monilinia conidium detected in the environment of the hydro-cooling room.
Among the colonies that were recovered from the Rodac dishes on the surfaces of packinghouse A, the percentages were: 27.7% Penicillium, 18.9% Cladosporium, 7.9% Fusarium, 6.7% Alternaria, and 3% Aspergillus. The remaining 35.8% genera belonged to Geotrichum, Botrytis, and other fungal genera. The zones with higher fungal population were the chamber, the clean container of the dirty zone, the fruit reception, the shipping room, the hydro-cooling room and line 1 of the clean zone (Table 2) . Penicillium was the main genera recovered in the chamber, although Cladosporium and Alternaria were also abundantly recovered. In 2013, only one colony was identified as Monilinia in the chamber. In the hydro-cooling room, the shipping room and the fruit reception, the main genera recovered were Penicillium. On the clean container surface of the dirty zone, Cladosporium and Alternaria were the main genera identified. There were significant differences between the presence and absence of Rhizopus with respect to the packinghouse zones. The dirty zone, the clean zone and the dirty container of the dirty zone had the most surfaces that were contaminated by Rhizopus. In the shipping room zone, eight Monilinia conidia were recovered during 2013.
Among the colonies that were recovered from the Petri dishes in the environment of packinghouse B, the percentages were: 47.6% Penicillium, 20.3% Cladosporium, 10% Alternaria, 5.6% Fusarium, 2.7% Aspergillus, and 0.85% Monilinia. The remaining 13% of genera belonged to Geotrichum, Botrytis, and other fungi genera. The total environmental fungal population recovered had no significant differences in their distributions from each of the zones of packinghouse B (Table 3) . Cladosporium and Penicillium were the most prevalent genus in all of the sampled zones. Rhizopus was isolated in all of the studied packinghouse zones, although a lower presence was detected in the precooling, storage, waiting and shipping rooms. The clean and dirty zones and the shelf life room were zones with the most contamination by Rhizopus. A total of 13 Monilinia conidia were detected in 2013 at the precooling, storage, waiting and shelf life rooms and the dirty zone. In contrast, Monilinia was not detected during 2012.
Among the colonies that were recovered from the Rodac dishes on the surfaces of packinghouse B, the percentages were: 42.8% Penicillium, 15.1% Cladosporium, 4.1% Alternaria, 4% Fusarium and 2.5% Aspergillus. The remaining 31.5% of genera belonged to Monilinia, Geotrichum, Botrytis, and other fungi genera. No differences were found between the total fungi recovered and each zone sampled (Table 4 ). The main pathogens that were present on the surfaces the packinghouse zones were Penicillium, followed by Cladosporium, and Alternaria. Significant differences were found in the presence or absence of Rhizopus throughout packinghouse B. One example of Monilinia conidia was detected on the surface of the dry line during 2013. In contrast, Monilinia was not detected during 2012.
To the best of our knowledge, this study is the first attempt to determinate the fungal population in the environment and on the surfaces of stone fruit Penicillium spp.
Fusarium spp.
Cladosporium spp.
Aspergilius spp. packinghouses. Other studies have been reported in citrus packinghouses (Palou et al. 2001 , Fischer et al. 2008 . There is no general criterion that enables us to distinguish the critical limits of fungal amount from which there is an inadmissible high risk of infection. However, in a study carried out in packinghouses by Orihuel et al. (1996) , it was proposed that the maximum concentration of 0.7 cfu cm −2 was in evidence, following sanitation processes. The averages of fungal population on the surface were 0.30 ufc cm −2 for packinghouse A, and 0.20 ufc cm −2 for packinghouse B, which is lower than the proposed critical limit. Also, this is lower than the average of the fungal population recovered on the surfaces of citrus packinghouses that were sampled in Spain (Palou et al. 2001 ) with 1.7 cfu cm −2 , and that were sampled in Brazil (Fischer et al. 2008 ) with 1.9 cfu cm −2
. Environment sanitation procedures of packinghouses from the Lleida region, are usually undertaken before and after the season; however, the surfaces of sorting lines or containers are cleaned more frequently, at a rate of at least once per week.
In the environment of packinghouse A, the dirty zone was statistically more contaminated than other zones, and on their surfaces the average number of colonies on the clean zone, line 1 and line 2 were less contaminated than other zones. The same trend was observed for packinghouse B, although nonparametric statistics found no significance differences. It has been recommended that the citrus industry should aim at designing facilities in a manner that would maintain separate clean zones (fruit after-washing or packaging) and dirty zones (fruit reception or fist manual selection) (Palou 2011) . The selected stone fruit packinghouses have separated zones; however, fungal contamination on surfaces of packinghouses was higher in the shipping room than in the dirty room and the clean room, which likely aids the development of infections among the stored fruit.
Penicillium spp. and Cladosporium spp. were the most frequent genera that were consistently present in the environment and on surfaces that were sampled in the packinghouses. This result agrees with previous studies in citrus packinghouses (Palou et al. 2001; Fischer et al. 2008 ), on stone fruit mummies (Hong et al. 2000) , on commercial fruit surfaces (Watanabe et al. 2011 ), on sweet cherry grading lines (Borve 2014) , and within the interiors of food production facilities of such as yogurt, canned or sweet products, among others (Şimşekli et al. 1999) . Although Penicillium and Cladosporium were the genera that were abundantly recovered, their postharvest disease incidence on stone fruit was usually low (Borve 2014) , because only P. expansum and C. herbarum species are responsible for postharvest decay on stone fruit (Sommer 1989) .
Rhizopus spp. (note that we also include Mucor spp.) was widely detected over time on surfaces of both packinghouses A and B in 60% and 50% of Rodac plates, respectively. Rhizopus is a genus that is abundantly recovered from other sampling studies in citrus packinghouses in Spain (Palou et al. 2001) . Rhizopus rot, caused by Rhizopus stolonifer, is one of the most destructive postharvest diseases of stone fruits. The high presence of Rhizopus spp. could result in new postharvest risks of infection, and important stone fruit losses due to its fast growth.
The most important postharvest disease affecting stone fruit in the Ebro Valley area of Spain, and in many other production areas around the world is brown rot, caused by M. fructicola and M. laxa (Villarino et al. 2013) . In the present study, Monilinia spp. was rarely recovered in any of the sampling zones, and this was an unexpected result. For the period from June to September of 2012, the ambient conditions were dry and warm and for the same period of 2013 season the ambient conditions were much wetter. The higher number of Monilinia colonies during 2013 can be attributed to those weather conditions, although its presence was very low in any case. Our results suggest that the risk of fruit infection by Monilinia spp. inside packinghouses is low and, therefore, the great majority of infected fruit in packinghouses comes from the orchards.
